Objective: To present a case of a patient with clinical and radiological features of reexpansion pulmonary edema, a rare and potentially fatal disease.
Introduction
Reexpansion pulmonary edema (RPE) is a rare and potentially fatal clinical entity. It usually occurs when a chronically collapsed lung is rapidly reexpanded after the evacuation of large amounts of fluid or air from the pleural space, often using high negative intrapleural pressures (1) (2) (3) (4) (5) . This study reported the case of a child with large pleural effusion who developed severe RPE after tube thoracostomy, besides performing a review of the literature on the topic.
Case report
An 11-year-old Caucasian male patient with a history of fever, adynamia, myalgia, and chest pain for three days. Previous intermittent asthma. Physical examination: good general health status, febrile, respiratory rate of 23 breaths per minute, with no respiratory distress; pulmonary workup with vesicular breath sounds on the right side and abolished breath sounds on the left side, with dullness on percussion. No other relevant clinical findings. Chest radiograph on admission reveled homogeneous opacity on the left side, with obliteration of costophrenic and cardiophrenic sinuses on the left side ( Figure 1 ). An ultrasound scan was performed, which revealed fluid up After the procedure, when he was already extubated, the patient developed respiratory distress and decreased oxygen saturation, needing invasive ventilation in the pediatric intensive care unit. He remained on mechanical ventilation from the sixth to the 20 th day of hospitalization. Within this 14-day post-procedural period, there were two extubations: one accidental and other planned; in both episodes, he needed to be intubated again, resuming mechanical ventilation due to respiratory insufficiency. During the periods when the patient was stable, it was decided to use intermittent mandatory ventilation, with peak inspiratory pressure between 20-25cmH 2 O, positive-end expiratory pressure between 5-8cmH 2 O, respiratory rate between 12-15 breaths/minute and inspired oxygen concentration between 40-50% (the Horovitz index was calculated to be between 180-190). There was considerable difficulty in the evolution of ventilatory parameters until tracheal cannula was definitely withdrawn.
Chest computerized tomography was carried out (Figure 1 ), which evidenced: massive alveolar filling of the left lung and partial filling of the right lung, with bilateral areas of ground-glass opacity; residual pleural effusion on the left side and laminar effusion on the right side, with bilateral pleural reaction and presence of hilar adenomegaly. Thus, the diagnostic hypothesis was reexpansion pulmonary edema.
Complementary analysis of the pleural fluid showed negative results for investigations for neoplastic cells, fungi and bacteria; however, the investigation for adenosine deaminase (ADA) activity in the pleural fluid was positive (137.70U/L; reference: up to 40U/L). A tuberculin skin test was performed, with a result of 19mm. Treatment was started with rifampicin, isoniazid, pirazinamid and ethambutol, associated with prednisone (1mg/kg/day), with the diagnosis of pleural tuberculosis. Serology for HIV and cultures for bacteria and mycobacteria were negative. From the second day of treatment on, the patient had no febrile peaks anymore and could be weaned from mechanical ventilation; additionally, the pleural drain could be removed, at the 14 th of intensive care (20 th day of hospitalization). The patient was discharged for outpatient follow-up on the 31 rd day of hospitalization, with clinical and radiological improvement.
Discussion
The pathophysiology of RPE is multifactorial, including changes in pulmonary capillary permeability and increase in hydrostatic pressure. Both of them cause fluid and protein overflow into the pulmonary interstitial space and alveoli, leading to pulmonary edema (1) (2) (3) 5) . Permeability changes occurs due to local hypoxemia, caused by lung collapse, injuring the capillary wall and decreasing surfactant production, with subsequent release of inflammatory mediators -interleukin-8 (IL-8), monocyte chemotactic protein-1 (MCP-1), leukotriene B4, nitric oxide, polymorphonuclear and free radicals-which, in turn, amplify the injury and change vascular permeability (IL-8 and MCP-1 act also in the contralateral lung, partly justifying the cases of bilateral RPE) (2, 3, 5) . Besides this aggression, the capillary also undergoes mechanical injury by collapse compression, associated with sudden reexpansion-induced distension. In turn, the increase in hydrostatic pressure occurs due to the abrupt increase in blood flow on reinflation (2, 3) . In the case reported herein, lung aggression was probably caused by the large cavitary effusion, associated with the increase in intraluminal pressure resulting from the reexpansion of the organ due to the evacuation of a great amount of pleural fluid.
The epidemiology of RPE is not well known yet. Reviews on the topic cover around a hundred cases up to the end of the twentieth century (1, 2) . It is estimated that its incidence is up to 1% after drainage of intrapleural air or fluid (6) . However, most reports involve adult patients and there are no reviews of published pediatric cases (7) . The case reports of children with RPE are summarized in Table 1 (7) (8) (9) (10) (11) . Risk factors associated with RPE include: chronicity of lung collapse (usually greater than 72 hours); great amount of pleural air or fluid (>1500mL) (1) (2) (3) 5) ; high speed of reexpansion and use of high negative pressures to do so (2, 5) ; hypertension, hypoxemia or other previous lung disease; pre-existing heart disease (2) ; and male gender (3) . In the case described herein, the patient presented with chronic lung collapse (at least seven days of admission before drainage plus some period prior to hospitalization, considering a possible insidious onset of pleural tuberculosis); great intrapleural volume (3000mL); lung disease (intermittent asthma); and male gender.
Clinical findings are variable, ranging from asymptomatic patients or presenting only non-specific symptoms (fever, nausea, vomiting, tachycardia, hypotension) to patients with severe respiratory insufficiency (dyspnea, chest pain, cough, foamy sputum, cyanosis) (2, 3, 5) . A simple chest radiograph may reveal interstitial opacities, consolidations with air bronchograms, and fissural inflammation (2) . Chest computerized tomography may show ground-glass opacity, residual pleural effusion, atelectasis, interlobar septum thickening, consolidations, air bronchograms, and pulmonary nodules. Nearly half of patients show diffuse involvement of the previously collapsed lung (4) and bilateral pulmonary involvement is rarely observed (1, 4, 5, 7, 10) . The clinical picture of the patient described herein included respiratory insufficiency and need for mechanical ventilation with high parameters, similarly to some of the reported cases of children with RPE. However, computerized tomography findings as evident as those found by Gleeson et al (4) in adults had not been described yet in pediatric patients.
Study
Age/gender Underlying pathology The onset of RPE symptoms usually occurs in the first 24 hours after pulmonary reexpansion, most frequently (64-89%) in the first two hours (3, 5) . The duration of symptoms varies from 48 hours to seven days (2, 8, 10) , and mortality from 19 to 21% (2, 3, 5) . In the case reported herein, the symptoms started in the first hour after the procedure and the duration of the clinical signs was 14 days, with the need for mechanical ventilation, probably due to complications during disease evolution (including unsuccessful extubations and extensive bilateral lung injury).
Cause of lung collapse
The treatment of this edema is based on clinical support according to the need of each patient (2, 3, 5) . Some authors suggest that the use of corticosteroids as stabilizers of the pulmonary vascular membrane (3, 11) . More invasive measures are also described, such as occlusion of the pulmonary artery of the affected side (2) and use of extracorporeal membrane oxygenation (11) . In the case reported herein, it was necessary to use invasive ventilatory support for 14 days, as well as the use of dobutamine (for four days; maximum titration of 0.45mcg/kg/day), (furosemide for 14 days, for stimulation of diuresis and control of the water balance) e corticosteroid (although its exact role in the case could not be defined).
The diagnosis of pleural tuberculosis in the case described herein was based on clinical data (pleural effusion in febrile non-toxemic child/adolescent) (12, 13) , suggestive radiological finding (hilar adenomegaly) (13) and positive skin tuberculin test (12) (reaching 45 points in the scoring system proposed by the Brazilian Ministry of Health for children and adolescents, making this diagnosis highly likely) (14) . In addition, the analysis of the pleural fluid was characteristic: predominance of lymphocytes; high LDH levels; high ADA levels associated with lymphocyte-toneutrophils ratio >75% (12, 15) . Although the culture for mycobacteria in the fluid was negative, it is known that its positivity is low (45-55% of the cases) (13, 15) . If thoracoscopy with pleural biopsy was performed, positivity could be higher, as described in the literature (12) . Predicting RPE occurrence is of fundamental importance in patients at risk for developing this condition and was even the subject of recommendations of the British Thoracic Society (6) . The evacuation of pleural effusion should occur slowly, not removing an excessive amount (up to 1500mL), and there should be available means to obtain a definitive airway and start mechanical ventilation if necessary (2, 3, 5, 6) . It is also recommended that drainage is performed preferably with pleural pressure monitoring, not exceeding -20mmHg (2, 6) . In the case reported herein, the procedure was carried out in an operating room, with general anesthesia, by an experienced team, with equipment for emergencies available. However, it should be pointed out that the procedure could have had a different outcome if the amount of pleural fluid drained was lower or if the measure of cavity pressure was available on that occasion, considering that the patient had more than one risk factor for the development of RPE.
Therefore, despite its low frequency, RPE should be remembered as a potential complication in the evolution of a pediatric patient with large pleural effusion, particularly if there were other risk factors for the development of this complication.
